Summary: Bone weight, bone and cortical areas, and apparent and true bone densities (W/BV and W/CV) were measured on the second metacarpals of 114 male and 114 female Japanese, aged 30 to 98 years. Measurements were taken from midshaft cross-sections 2 mm thick, using an electron balance and an image analyzing system. The mean values of these variables were greater in men than in women at all ages. Bone area stayed almost unchanged regardless of age. Bone weight and cortical area decreased linearly with advancing age. The respective rates of decrease per decade observed for the these variables were 3.1% and 2.9% in men and 5.5% and 4.8% in women. Apparent bone density decreased gradually with age after the fourth decade in women. While, in men, it stayed almost unchanged or increased slightly until the fifth decade and then, decreased gradually with age. The rate of decrease per decade was accelerated after the fifth decade in women and after the sixth in men, being 10.3% and 8.1% in each gender, respectively. The mean loss of bone was about twice as great in women as in men. In women, significant differences (p<0.01) were found in these variables after the seventh decade compared with the preceding age group. However, true bone density (W/CV) stayed almost unchanged regardless of age, being about 2.0 in men and about 1.9 in women. Osteoporosis could be primarily a manifestation of normal aging, including the postmenopausal estrogen deficiency in women, regardless of gender or race.
Currently, bone density is evaluated by various methods. As early as 1931, a series of 100 American white male skeletons ranging in age from 19 to 78 years was weighed by Ingalls (1931) , who found that bone gives very definite evidence of age. Density (dry weight/volume) and percentage ash weight (ash weight/bone weight) of bones in adults were examined by Trotter and her colleagues in Euroand Afro-Americans (Trotter, 1954; Trotter et al., 1955 Trotter et al., , 1958 Trotter et al., , 1959 Trotter et al., , 1960 Trotter et al., , 1962 Broman et al., 1958 ). Trotter and her colleagues found that the density is higher in long limb bones and ribs than in vertebrae, in Afro-Americans than in Euro-Americans, and in men than in women. In addition, according to them, the density of bones decreases with age at approximately the same rate, but the percentage ash weight is not affected by age, regardless of race or gender.
Atkinson and co-workers (1962) examined the femoral bone density using a small pyknometer in 91 cadavers aged 20 to 89 years, and reported that there is no change in the degree of mineralization of the cortical bone with age. From a subsequent study using femurs of 80 cadavers aged 0 to 99 years, Atkinson and Weatherell (1967) concluded that the bone density is greatest from 30 to 50 years, after which age the density falls. Lindahl and Lindgren (1967) studied bone density in humeri and femurs of 64 cadavers aged 15 to 89 years, and concluded that the bone density increases significantly with age in men more than 50 years old, but that in women there is a slight but non-significant reduction in the density with age. Recently, studying the humeral cortex of 89 cadavers, Laval-Jeantet and colleagues (1983) found that apparent mineral density is linked to porosity and decreases markedly with age in women, but that a true mineral density does not vary significantly with age in either gender.
The present paper examines age and sex differences of apparent and true densities of the second metacarpal. According to Aitken and associates (1974) , the metacarpal provides useful information on whole bone densities at other sites through the skeleton. In a previous paper (Kimura, 19901) , it has been suggested that the metacarpal tends to be slightly greater in size in the right hand than in the left, but that it does not show any side-related differences in density. Thus, in the present paper, the description is limited to the right metacarpal.
Material and Methods
The second metacarpals of both hands were obtained from 228 Japanese cadavers during dissection by students between 1980 and 1991. The specimens comprise 114 men aged 32 to 92 years (x = 62.5 yrs., SD = 14.81) and 114 women aged 30 to 98 years (x = 73.6 yrs. , SD = 13.52). According to their death certificate, those individuals who had died of diseases involving bone loss were excluded as far as possible from the present study.
After removal of the soft tissues from the bone, a section greater than 2 mm thick was cut out at midshaft, perpendicular to the longitudinal axis, using a low-speed diamond-bladed circular saw (Buehler Isomet, U.S.A.). The section was ground down to 2 mm thickness using fine waterproof sandpaper. Subsequently, the section was immersed in warm water overnight with Protease A and P (Amano, Japan), washed with distilled water for 2 hours using a transonic irrigator (ELMA T780, Germany), and air-dried for over 24 hours. Finally, the section was radiographed with an anode-film distance of 76 cm in the proximodistal projection, using a standard radiographic technique (45 kV, 3.0 mAs and 120 sec) with the Softex-C-MS system (Softex, Japan).
The section was weighed with an electron balance (W g) with accuracy to 0.1 mg (Sartorius Analytic A200S, Germany). On radiographs of the section, total bone and medullary areas (BA and MA mm2) were measured with an image analyzing system, Spicca-II (Nippon Avionics, Japan), by tracing manually subperiosteal and smooth endosteal boundaries. Cortical area (CA = BA -MA) was calculated from them. BV and CV were calculated by multiplying BA and CA by 2 mm thickness. Apparent and true bone densities of the section were calculated by dividing the weight (W g) by the bone and cortical volumes (BV and CV cm3). All the data were statistically analyzed and tested using the SAS. Table 2 provides re gression equations, standard errors (SE) and coeffi--cients of determination (r2) of each variable (y) with age (x) for each gender separately. A significant linear regression was found with age in W, CA and W/BV at p < 0.01 in each gender. In addition, a somewhat better quadratic regression was found only for W/BV with age (p < 0.01). As for the regression with age, significant sex differences were found for W and BA in only the intersection (p < 0.01) and for W/BV in both coefficient (p < 0.01) and intersection (p < 0.05). W, CA and W/BV decreased gradually with advancing age, whereas BV and W/ CA remained almost unchanged regardless of age, in both genders.
Results

Discussion
In this study, the bone weight and the bone and cortical areas were significantly greater in men than in women at all ages. The mean value was also significantly greater in men than in women for the apparent bone density after the sixth decade and for the true bone density in the 60-69 and 70-79 years groups. As for the sexual differences in bone mass and density, the same conclusion emerged from a microdensitometric study of bone mass and density undertaken on the same series (Kimura et al. , 1989) . This is also consistent with other studies of density and percentage ash weight of bones in Euro-and Afro-Americans (Trotter, 1954; Trotter et al. , 1955 Trotter et al. , , 1958 Trotter et al. , , 1959 Trotter et al. , , 1960 Trotter et al. , , 1962 Broman et al., 1958) .
Bone area stayed unchanged regardless of age in this series, approximately being 56 mm2 in men and 46 mm2 in women. The same fact has been found for bone length and width in the same series, being about 66 mm and 8 mm in men and about 62 mm and 7 mm in women in each variable (Kimura et al., 1989) . Based on femoral radiographs of 2,030 women, Smith and Walker (1964) first pointed out that periosteal diameter increases even after fifty years of age. After studying tetracycline labels deposited in vivo, Epker and Frost (1966) found that in human ribs there can be continued apposition of periosteal bone after 20 years of age, which decreases in amount with advancing age but is still present in the seventh decade. Garn Note: * and **, significant levels at P < 0.05 and 0.01. data, Fox et al. (1986) concluded that the width and length of the second metacarpal do not change significantly with age after adulthood is reached. The cortical bone mass (W and CA) and apparent bone density decreased gradually with advancing age. A significant linear regression was found between each variable and age (p < 0.01) after the third decade in both genders. Bone loss proceeded for each variable at a rate per decade of 3.1% , 2.9% and 3.1% in men and 5.5%, 4.8% and 5.5% in women, respectively. In addition, from a significant quadratic regression the apparent bone density with age (p < 0.01), the following fact was noted: The apparent bone density decreases gradually with age after the fourth decade in women, while it stays almost unchanged or slightly increases until the fifth decade at least and then decreases gradually with age in men. An accelerated rate of bone loss is observed after the fifth decade in women and after the sixth in men, being 10.3% and 8.1% per decade in each gender, respectively. In general, the rate of bone loss is about twice as great in women as in men. Compared with the preceding age group, significant differences were found in the mean values for these parameters after the seventh decade in women (p < 0.01) and only for W/BV at the eighth decade in men (p < 0.05).
Cortical bone mass or density begins to decrease soon after maturity is reached in both genders (0d-land et al. , 1958; Frost, 1966; Garn et al. , 1969; Dequeker, 1972) . Newton-John and Morgan (1970) reviewed the osteometric or radiogrametric studies and concluded that loss of cortex begins at the age of 40-45 years in women and 50-65 years in men. Thereafter, Mazess (1982) reviewed the absorptiometric studies and pointed out that, in compact bone, aging decreases of 3% per decade begin at about 40 years in both genders and continue, but in women, an additional loss occurs after menopause, bringing their total rate of decrease to 9% per decade between ages 45 and 75. Total body calcium is lost at a slow rate (0.37% /year) beginning in the fourth decade and a moe rapid postmenopausal rate (1.1%! year) is superimposed on the slower rate, beginning in the sixth decade (Cohn et al. , 19761, 19762 ). An accelerated rate of bone loss is observed between 50 and 57 years in women and after 68 years in men (Trouerbach et al. , 1987 (Trouerbach et al. , , 1988 . According to a longitudinal study by Nordin and Polly (1987) , the rate of bone loss is maximal in the first 10 years after the menopause and then progressively diminished. The results obtained from the present study is consistent with these studies. Thus, bone loss proceed at almost the same rate with age after the fifth decade in women and the sixth in men regardless of race. It is a general aging phenomenon, regardless of gender or race (Meema, 1963; Frost, 1966 ; Newton-John and Morgan, 1970; Atkinson and Woodhead, 1973; Garn, 1975; Ericksen, 1976) , and also must be due to some additional effects on the female skeleton, most likely the postmenopausal estrogen deficiency (Thomsen et al. , 1986 ). In addition, Fox et al. (1986) suggested that no cohort or secular effects are found to influence this process.
In this study, the true bone density stays almost unchanged regardless of age, approximately being 2.0 in men and 1.9 in women, or decreases slightly with advancing age in both genders. The same fact was observed in the percentage ash weight (Trotter and Peterson, 1962) , true mineral density (LavalJeantet et al. , 1983) and mean peak height in MD pattern of the midshaft cross-section (Kimura, 19902) of human bones. In a study by neutron activation analysis (Cohn et al. , 19762) , the ratio of total body phosphorus/total body calcium was also constant with age. These and the present study support the finding that the mineral composition of bone does not change significantly with age (Follis, 1952; Woodard, 1962; Morisaki et at., 1970; Dequeker, 1972) . According to histological studies (Jowsey, 1960; Thompson, 1980) , summed Haversian canal area values and Haversian canal numbers increase significantly with age at p < 0.05. Laval-Jeantet and his colleagues (1983) observed no significant differences in porosity (the proportion of the cortical bone are occupied by vascular and resorption cavities) between men and women. The slight loss of W/CV with age observed in the present study may be due to such age changes of Haversian canals and a relative increase of cancellous-type bone to the bone weight, or to the secular effect.
Currently, the term osteoporosis remains widely used to indicate a reduction in the volume of bony tissue relative to whole bone volume (Nordin, 1987) . It is essentially the loss of cancellous elements and of cortical bone at the endosteal surface (Epker and Frost, 1969) and primarily a manifestation of normal aging, including the postmenopausal estrogen deficiency in women, regardless of gender or race. While, true bone density does not change significantly with age.
